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i. .0 



INTRODUCTION 



The Display T:i.Minci/Control Module is one printed circuit 
assewblv (F>CA) of a two PGA set. The second F>CA is the 
Display MeMorv/DHA Module (02640-60250). This board set 
interfaces into the terminal environMent by perforMinq the 
functions of display Menory wanaqeMent, CRT drive siqnal 
cieneration , ^ndi yideo aeneration. 



The Display TiMinq/Contr ol nodule replaces two separate 
boards in the first generation 264X hardware (display 
tiMinq and display control). Resident in this Module are 
a CRT controller ^ recirculatinq line buffers, a char meter 
and video qeneration circuitry. This Module takes the 
AGCII characxer inforwation and enhancement data froM the 
Display MeMorv/DMA Module and creates a video bit streaM 
and 'Jivnchr on:). 7ed dri^e siqnals to be sent to the sweep 
PCA. 



<{)H 



The DisDlav TiMinq/Contr o 1 Module takes care of all tasks 
associated with drive siqnal qeneration j. video qeneration» 
and infoTMs the Display MeMory/DMA Module of such screen 
related events such as end of-data row, start of fraMe,» 
and refresh tiwinq . Each data row of ASCII characters and 
associated enhancements are loaded into the recirculating 
line buffers under the control of the Display MeMory/DMA 
Module. Once the buffers are loaded with an entire row 
of characters V the data is recirculated fifteen tiMes 
(once for each scan line oer data row), and the ASCII data is 
used to "look-up" a bit pattern associated with each character 
in each scan line. The parallel video data coMinq out of the 
character ROM is serialized, dot shifted if necessary, 
suMMed with qraphics, and subjected to any active character 
enhanceMen t s . Cursor generation is also taken care of by 
the Display Tiwinq/Con tr ol Module, 

A private interface to the Display MeMory/DMA Module is 
provided over a topplane through which the two boards 
c: M « u i"i :i. c a i- e t i m .i. n a i n f o r m a t i on and m e m o r y data. 
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1.0 INTRODUCTION 



The Diiiiplav T:i.Minci/Contr ol. Module is one printed circuit 
asseMblv (PCA) of a two F»CA set. The second F*CA is the 
Di«3plav Me«orv/DMA Module (02640-60250). This board set 
interfaces into the terwinal environwent by perforMing the 
Functions of display MeMory «anaqeMent> CRT drive signal 
generation, and video aeneration. 

The Display TiMing/Con tr o 1 Module replaces two separate 

boards in the first generation 264X hardware (display 

tiMing and display control). Resident in this Module are 

a CRT controller, recirculating line buffers, a character ROM, 

and video generation circuitry. This Module takes the 

AOCII character inforMation and enhanceMent data froM the 

Display MeMory/DMA Module and creates a video bit streaM 

and svnchr on:i.7ed driMe signals to be sent to the sweep 

P CA . 

The DisDlav TiMing /Control Module takes care of all tasks 
associated with drive signal generation^ video generation, 
and inforns the Display MeMory/DMA Module of such screen 
related events such as end of -data row, start of fraMe,» 
and refresh tiMing. Each data row of ASCII characters and 
associated enhanceMents are loaded into the recirculating 
line buffers under the control of the Display MeMorv/DMA 
Module. Once the buffers are loaded with an entire row 
of characters V the data is recirculated fifteen tiMes 
(once for each scan line per data row), and the ASCII data is 
used to "look-uD" a bit pattern associated with each character 
in each scan line. The parallel video data coMing out of the? 
character ROM is serialized, dot shifted if necessary, 
suMMed with graphics, and subjected to any active character 
enhanceMents. Cursor generation is also taken care of by 
the Displav TiMing/Con tr ol Module. 

A private interface to the Display MeMory/DMA Module is 
provided over a topplane through which the two boards 
c OMMun :i. ca te tiMinq inforMation and MeMory data, 
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.0 



OPERATING PARAMETERS 



A suMMarv of operating parameters for the Display TiMinq. 
Control Module is contained in tables 1.0 throuoh 6.1. 



Table 1.0 Physical Paraweters 



PART 
NUMBER 



02640-60267 



NOMENCLATURE 



DisDlav TiMina/Contr ol PCA 



;ize (L X W >: D) 
+/--0.100 Inches 



12.9 X 4.0 X 0.5 



Weight ! 
(Pounds) I 



0,48 



NUMBER OF BACKPLANE SLOTS REQUIRED: 1 
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Table 2.0 Reliability and En v ironMental Infor-Mation 



EnviroHMental i ( X ) HP Class B ( ) Other; 
Restrictions; Type tested at product leyel 



Failure Rate; 2.B11 (percent per 100 hours) 



Table 3.0 Power Supply and Clock Requirements - Measured 
(At -t-/-5% Unless Otherwise Bpeci-Fied) 



♦•5 Uolt Supply 
9 1 .7 A 



+12 Volt Supply 
© 50 . mA 



115 vol t s a c 



N/A 



12 k^olt Supply 
e? 75. mA 



-42 Volt Supply I 



N/A 



220 volts ac 



N/A 



C 1 ck r" r ea u e i"i c v ; 21.34 H}r\7. 
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Table 4.0 Switch Definitions 



PCA 


Designation 




Display 


Tifiinq/ 


Contro 1 


Module 


HZ 


IV 


DT 


Al .A2>A3> 


U1,U2>U3 



CI ,C2>C3 



Function 



Closed 



Open 



50 Hz node 



Full screen inverse video I 



Nornal node 



60 Hz node 
Nor Mai Mode 
Display tests invoked 



These six switches allow any properly proqrawMed I 

character set to be displayed according to its correct I 
forwat. See the text section on character set selection I 

for further details. I 

I I 

I I 

These three switches allow the three "hardwired" I 

alternate character sets in the character ROM to be I 

accessed bv anv of the "A"> "B'\ or "C" alternate I 

character set select codes. See the text section i 

on character set selection for further details. I 
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Table 5.0 Connector InforMat ion (Display TiMinq/Contr ol PCA) 



Con nee t or 
a n d P i n No. 

PI . Pin 1 



■6 
•7 
•8 
•9 
•10 
11 



b 1 g rr a 1 

^5y 

GND 

SYS CLK 

12 k; 

ADDRO 

adjdrT 

ADI)R2 
ADDR3 
ADDR4 
ADDR5 
ADi)R6 



S i q n a 1 
Description 



+5 Molt Power Supplv 

Groonci CoMMon Return (Power and Siqnal) 

4. 915 MHz System Clock 

-12 Molt Power Supplv 

Negative True, Address Bit 

Negative True, Address Bit 1 

Negative True,, Address Bit 2 

Negative True, Address Bit 3 

Negative True, Address Bit 4 

Negative True,, Address Bit 5 

Negative True.v Address Bit 6 
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Table 5,1 Connector Inf orwat 1. on (Display TiMinq/Contr o .1. FM'A Cont^'d) 



I Connector I 
I a ri d F' in Ho . I 



PI > PIH 12 I 

I 
13 I 

I 
-14 i 

I 
•15 I 

I 
- 1 6 I 

I 
-17 I 

I 
-18 I 

I 
-19 I 

I 
20 ! 

I 
-21 1 



S i g n a 1 
Na«e 



ADDR7 

ADDRB 

ADI)R9 

ADDRIO 

ADDRlT 

addrTs 

ADDR13 
AI)bF[T4 
ADDRIS 

I/O 

GND 



S i q n a 1 
Descr ip tion 



Negative True. Address Bit 7 
Negative True, Address Bit 8 
Negative True, Address Bit 9 
Negative True, Address Bit 10 
Negative True, Address Bit 11 
Neg a t i v e Tr u e ., Ad d r ess Bit 12 
Negative True, Address Bit 13 
Negative True^ Address Bit 14 
Negative True,, Address Bit 15 
Negative True,, Input Outpu t/Mefiory 
GYound CoMMon Return (Power and ,Sianal 
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Table 5.2 Connector Inf or«a f ion (Di<!>Dlav TiMinq/Contr o 1 F*CA Cont'd) 



Connector 
and Pin No. 

PI > Pin A 



~C 
-D 
■-E 
-F 
-H 
-J 
-K 
~L 
•M 



fiJiqnal 
Nawe 



GND 
POLL 

•M2V 

PWR ON 

BUSO 

itusT 

BUS2 
bOS3 
BUG4 
BUS5 
BUS6 



G i. g n a 1 
DescriD t ion 



Ground Co mm on Return (Power and Signal) 

Negative True* Polled Interrupt 
I d e n t i f i c a t i o n Re q u es t 

+ 1 2 V 1 1 f' wer S u p p 1 v 

SvsteM Power On 

Negativf? True, Data Bus Bit 

Negative True, Data Bus Bit 1 

Negative* True, Data Bus Bit 2 

Neaative True,, Data Bus Bit 3 

Negative True,, Data Bus Bit 4 

Negative True^ Data Bus Bit 5 

Neaa tive True, Data Bus Bit 6 
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Table 5.3 Connector InforMat :i. on (Display TiMina/Contr ol PCA Confd) 



Connector 
and Pin No, 



PI, PIN N 
-P 
-R 

...J 
-U 



Sign a 1 
Nawe 



BUS7 

WRITE 

AfN2 

WAIT 
PRIOR IN 
PRIOR OUT 
ADDR16 

ADDR17 

ADDR 1 8 
REO 

ATN 



S .1. a n a 1 
Descrip tion 



Negative True, Data Bus Bit 7 

Negative True, Read/Write Type Cycle 

Negative True, CTU and Polled Interrupt 
Request 

Negative True, Wait Control Line 

Bus Controller Priority In 

Bus Controller Priority Out 

Positive true, Address Bit 16 

P s i t i ve Tr ue , Address B i t 1 7 

Positive True, Address Bit 18 

Negative True, Request (Bus Data 
Currently Ualid) 

Negative True, Data Co mm Interrupt Request 
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Table 5.4 Connector Information (Display Tifiing/Contr o 1 PCA Cont'd) 

B i CI n a 1 
Description 

Ground 

Cursor Control Strobe froM Display MeM/DMA 

Graphics Sync, signal --Character 103 

Positive True forw of 21.34 Mhz Dot clock 

Negative Tr ue-~Cursor control select line 

Negative True- — ASCII Bit 6 

Negative True — ASCII Bit 5 

Neciative True — ASCII Bit 4 

Negative True— •ASCII Bit 3 

Negative True — ASCII Bit 2 

Neciative True — ASCII Bit 1 



s: :=: ™ :::: -.= =: =: ::u :::: ■.-.: =. ::= :::: = =: 


:::: =: := ::: :::: ::= us ::- =s ™ -.: :-: s: ™ :::: :": :=: :r 


1 Connector 


1 S i q n a 1 1 


1 a n d Pin No. 


1 NaMe 1 


1 =::== a: =:=::=:::==:=: -:::::;::=:=:: 


1 ::::=::=;=: ::n :=: nn =:=:=: ~ ~ r: =:;::: s:: | 


1 P3, Pin 1 


1 GND 1 


1 -2 


1 1/0 STROBE I 


i -3 


1 103 1 


1 -4 


1 DSPCLK 1 


1 -5 


1 I/O SELECT 1 


1 "6 


1 AB6 1 


1 •7 


1 AB5 1 


1 -8 


1 AB4 1 


1 ■■? 


1 AB'3 1 


1 "10 


1 AB2 1 


1 -ll 


1 abT 1 


r.: ::s := s: n:: := :::: :2: = = ::=::= = =: ::s 
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Table 5.5 Connector InforMaTi on (Display TiMinq/Contr o 1 PCA Cont'd) 



Connector 
and Pin No, 



•••J. 9 

•20 

•21 



;) .1. g n a 
Nane 



■'3, 


PIN 12 


APO 




-• 1 3 


GND 




-• 1 4 


MEMCYC 




- 1 5 


EDROW 




"16 


SHFTCLK 




-17 


Qa 




•18 


GLOAD 



USCLK 

XBffi2 
GND 

xiiifs'i 



Signal 
Descr ip t ion 



Negative True--ASCII Bit 

Signal Ground 

C 1 c k wit h ■■■ S 4 n s ec . per i o d d e f i n i ii g 
display MSMory cycles 

End o^F Data Row Pulse 

Line Buffer Load Clock 

Enhancewent AliqnMent Clock 

Negative True, <Low) Indicates that 

CRT Controller self-load is in progress 

M i d e B h i f t C 1 o c k L i n e B u f f&r D i s p 1 a y 

Clock 

External Mideo Bit Stream (Graphics) 

Signal Ground 

External Video Bit StreaM (Unused) 
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Table 5.6 Connector Inf orMation (Display TiMinq/Contr ol PCA Cont'd) 



Connector 
and Pin No 



P3> Pin 



Signal 
Nawe 



A 


DSPCI...K 


B 


GND 


C 


D2 


D 


GND 


E 


ZERO 


F 


CHARCLK 


H 


'ci-iARCLK 


J 


'v'BLANK 


K 


EB5 


L 


EB4 


M 


EB3 


N 


EB2 


P 


EBl 



Signal 
Descr ip t i on 



Negative True forn of 21.34 Mhz dot clock 
Signal Ground 

Graphics Sync, signal Dot 2 

Signal Ground 

Start Top- of -Fr awe Pulse 

Character Rate Clock 

Character Rate Clock (negative true) 

Vertical Blanking --Graphics Sync. Signal 

Positive True- Enhancenent Bit 5 

Positive True Enhancewent Bit 4 

Positive True -Enhancement Bit 3 

Positive Tr ue--EnhanceMent Bit 2 
Positive True-— Enhancement Bit 1 
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Table 5.7 Connector InPorMation (Display TiMing/Control PCA Cont'd) 



1 Connector 
1 a n d P i n N . 1 

1 


Signal i 
NaMe 


===~™=~== 


Signal 
Descrip t ion 


1 

1 

1 P3> PIN R 
1 


EBO 


Positive Tr ue~-EnhanceMen t Bit 


1 

1 S 


HSYNC 


Horizontal Sync froM CRT Controller 


1 -T 
1 


GND 


Signal 


Ground 


I 

1 -U 


I/O BIT 5 


Status 


Bit froM Display MeMory/DMA Module 


1 v 


i I/O BIT 6 


Statue 


Bit froM Display MeMory/DMA Module 


1 

1 -w 


DMAROy=CURROW 


(high) 
sane 


indicates that the cursor is on the 
character row as the DMA Module 


1 -x 


SHFTEN 


En a b 1 e 
1 


signal for Line Buffer Loadiiig 


1 -Y 


GND 


1 S i g n a 1 


Ground 


1 -Z 


RFSHEN 

1 


(low) indicates that Display MeMo ry 
1 refresh is enabled 

1 



f lP!=^!-i 
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Table 5.B Connector Information (Display TiMinq/Con tro 1 PC A Cont'd) 

3 i g n a 1 
Descrip ti on 



Serial Video Bit Stream 

Neqatiye True Half Bright Enhancement 

signal 

Signal Ground 

Vertical Drive> 

Horizontal Drive 

Si anal Ground 



Connect or 


1 G i q n a 1 


and Pin No. 


Name 






P4. PIN I 


MI DEO 


-2 


BUF HLF" BRT 


-3 


GND 


...•4 


VDR 


-5 


HDR 


-6 


GND 
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Table 6.0 Module Bus Pin Assignments -Display TiMing/Control PCA 



F" u n c t i n 

P e r F r m ed ! Se t C u r s o r- Y F* o s i T i o n 

Turn Display On/Off 

Turri DMA On /Off 

Invoke Skipeol and Maveop Modes 



Poll Bit: Not Applicable 

Module Acldre^iis; (ADDR 11,10,,9>4) 

Function Specifier; ADDR5 ~ 1 



(0111) 



Data Bus Bit Interpretation; 

B7 (hiah) Indicates Display Off 

B6 (hiah) Indicates DMA Off 

B5 (high) Indicates Skipeol or Ma ye op Mode 
May be invoked 

B4 Cursor Y Position BIT4 

B3 Cursor Y Position B1T3 

B2 Cursor Y Position BlJd. 

Bl Cursor Y Position BITl 

BO Cursor Y Position Bif'O 



=:n::ss = =:::: 


: :;:: s = s:: := =:: =: = :::: :::: 




Bus 


a 1 u e 


8 i g n a 1 


= =:s:==:r.: 


= = = :=:::::=: = =:-::::: 


X 


ADDR 15 


X 


ADDR 14 


X 


ADDR 13 


X 


ADDR 12 





ADDR 1 1 


1 


ADDR 10 


1 


ADDR 9 


X 


ADDR 8 


X 


ADDR 7 


X 


ADDR 6 


1 


(^DDR 5 


1 


ADDR 4 


X 


ADDR 3 


X 


ADDR 2 


X 


ADDR 1 


X 


ADDR 


=::rs=:.-:: 


r:ss:=:::=:=: = =:s:::: 


B7 


BUS 7 


B6 


BUS 6 


B5 


BUS 5 


B4 


BUS 4 


B3 


BUS 3 


B2 


BUS 2 


Bl 


BUS 1 


BO 


BUS 



1 "Logical l""Bus Low 
0=:Logical 0=Bus High 
X-Don't Care 
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Table 6.1 Module E<us Pin AssigriMents -Displa v Ti.Mina/Con trM)l PCA 



Function 

F'erforMed! Set Cursor X Position 

Turn Display MeMory Refresh On/Off 



Poll Bit! Not Applicable 

Module Address: <ADDR 11.10>9,4) 

Function Specifier: ADDR5 ~ 



(0111) 



Data Bus Bit Interpretation: 

B7 (high) Indicates Display MeMorv Refresh Off 

B6 Cursor X Position BIT6 

B5 Cursor X Position BITS 

B4 Cursor X Position BIT4 

B3 Cursor X Position Bif3 

B2 Cursor X Position Blf2 

Bl Cursor X Position BITl 

BO Cursor X Position Bifo 



.:..: = .= 


Bus 


..:=:-:=: 


alue 


Siqna 


1 1 


:= =: 3= s= = 




= ::::s==: | 


X 


ADDR 


15 1 


X 


ADDR 


14 1 


X 


ADDR 


13 1 


X 


ADDR 


12 1 





ADDR 


11 1 


1 


ADDR 


10 1 


1 


ADDR 


9 1 


X 


ADDR 


B 1 


X 


ADDR 


7 1 


X 


1 ADDR 


6 1 





ADDR 


5 1 


1 


ADDR 


4 1 


X 


ADDR 


3 1 


X 


ADDR 


2 ! 


X 


ADDR 


1 1 


X 


ADDR 


1 


.•=.•::: = =^•::= 


:::: = =s ::::=: = =: -J 


= =::=::s: | 


B7 1 


BUS 7 




B6 


BUS 6 




B5 1 


BUS 5 




B4 


BUS 4 




B3 


BUS 3 




B2 


BUS 2 




Bl 


BUS 1 




BO 


BUS 





l"~Loqical l^Bus Low I 
0=Logical 0-Bus High I 
X-Don't Care I 
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3.0 FUNCTIONAL DESCRIPTION 

Refer to the block dn.<iqraM (Fiqure 1), schewafic diaqran 
<Fiqures 2>3)^ tiMinq (iiagraM (Fiqures 4"10>^ coMponent 
location diagraM (Fiqure 11), and parts list located in the 
appendix . 

3.1 DRIME SIGNAL GENERATION 

3.1.1 Four signals ar^ generated by the Display Ti«inq/Con tr ol 

Module and sent to the sweep nodule. They are the video bit 
streaM (VIDEO) ^ a half bright enhancewent signal 

(BUF HLF BRT), horizontal drive (HDR), and vertical 
drive (MDR). 

3.1 .2 Horizontal drive occurs once peir scan line and 

causes the sweep board to perforM horizontal 
left- to -right scans. This pulse is repetitive with an 
appro xiMate 44. usee period. IIDR is norwally low^ and 
goes high during characters twenty four through eighty. 

3.1.3 Vertical drive occurs once per frat^e and causes vertical 
retrace by "resetting" an integrator in the sweep Module. 
This signal coincides with the pertinent line rate (i.e. 
50 Hz or 60 Hz) to prevent annoying per terbat ions of the 
CRT display. VDR is norwally high;, and goes low during 
vertical rcv? trace. 

3.1.4 Scan line and frane tiMing are deter Mined through the 
following constraints ; 

60 Hz --one fraMe = 16.67 Msec = 380 scan lines 
380 scan lines -- 24 character rows (data 

rows) of 15 scan lines each + 20 scan 
lines for vertical retrace 

50 Hz--one frane = 20.0 Msec = 456 scan lines 

456 scan lines ~ 2M data rows of 15 scan 

lines each + 96 scan lines for vertical 
r(-ftrace . 
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3.2 CRT CONTROLLER 

3.2.1 The CRT controller used in the Display Tininq/Con tro 1 
Module is a SMC 5027 (TMS 9927). It is a prograMMable 

device with nine internal registers that configure the 
chip to produce the proper Modulus counts for scan lines 
per data row <R0 to R3-"15)> characters per data row 

(HO to H6- 104), and data rows per frame (DRO to DR4 — 24). 

These registers also control the synchronization of the drive 
signal outputs HSYNC , USYNC., and BLANK > and also control 
the positioning of the cursor within the frane <CRV). 
For a coMplete description of the registers see an SMC or 
TI data sheet . 

3.2.2 The CRT controller registers are loaded with the proper 
data at power on under the control of the power on and 
two m:i.1 lesecond tiwer circuit block (see hardware 
description section). Note that the drive signal outputs 
of this chip are totally unlike those needed by the 

264X sweep Modules and hence are used as general tiMing 
signals. The actual drive signals are generated through 
hardware external to the CRT controller. 

3.3 CURSOR CONTROL 

3.3.1 Cursor control is accowplished through the internal registers 
of the af oreMen tioned CRT controller. The terMinal 
processor positions the cursor through two I/O ports > 
one for coluMn an6 one for row. These port accesses are 
decoded and synchronized in the Display MeMory/DMA Module 



and a select line and CRT controller strobe (I/O SELECT 
I/O STROBE) ar^-! sent over the topplane. 



am 
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3.4 RECIRCULATING LINE BUFFERS 

3.4.1 The recirculating line buffers are used to store one 
character row of inforfiation at a tine. When an even 
character row is being displayed > U36-U39 are being 
recirculated e^er'^ scan line^ and U26-U29 are being loaded 
byte serially by the Display Mewory/DMA Module. 
When the display switches to the next row (an odd one)> 
the reverse is true (i.e. U26-U29 are recirculated and 
U36--U39 are loaded). Note that these line buffers 
contain not only ASCII character data, but character by 
character enhanceMents as well. These enhancewents include 
two bits for character set select, and one bit each for 
half bright^ underline^ inverse videO;. and blinking. 

3.5 CHARACTER ROM AND CHARACTER SET SELECTION 

3.5.1 The character ROM resident in this Module is an 8l<x8 
device and replaces five first generation character ROMs, 
which were each IKxS or lKx9. The three-eighths of the 
ROM leftover are utilized to iMpleMent lower case blanking 
for 64 character sets and display tests. The character sets 
available in the 1818-1597 character ROM are as follows; 

1) lower case English (and control codes), 

2) upper case English., 

3) Math, 

4) line drawing or Micr o- vector , and 

5) large character. 

3.5.2 Lower case blanking indicates that any reference to lower 
case ASCII codes (00 to IF and 60 to 7F) while a 64 
character set is invoked results in blanks being displayed 
on the CRT. 

3.5.3 Two display tests are iwpleMented with the character ROM 
and the character set select PROMs U21 and U22 . These two 
are full screen Crosshatch, and alternating ^'s and del's. 
They are invoked with the switches labeled "DT" and "U3" . 
When "DT" is closed, "U3" has a Meaning which is discussed 
in depth in the hardware description. If "DT" is open, 
"U3" deterMines which display test is in effect. Note that 
even though the display is totally changed when display 
tests are invoked, this is strictly a hardware feature, 

and the o r^ i g i n a 1 d i v:> p I a v w i .1. 1 r e t urn una .1 1 e r e d w h e n t h e 
d :i s p 1 a v t e s t co n d i t i c n s are r e m o v e d . 
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3.6 DOT HALF" SHIFT fiiNL DDT REPFAT FUNCTIONS 

3.6.1 The purpose of dot half shift is to effectiyelv increase 
the resolution of the alpha display throuah the cr eat ion 
of "interstitial" dots, See any terminal character 
docuMentation for further details. Dot repeat functions 
are necessary to inplewent nine bit wide characters (i.e. 
line drawing and large characters) in an eight bit ROM. 
Nine bits of display are generated froM eight bits of data 
through repeating the first bit of ROM data twice on the 

d ispla y . 

3.6.2 Dot shift and dot repeat functions are all per for Med within 
a single parallel to serial shift register (U44). Dot 
shift is enabled by inverting the display clock "on the 
run"^ and dot repeat is ace OMpli shed by inhibiting certain 
clock edges to the shift register. 



4. 
4. 1 

4,1.1 



H AR DWAR E DFSCR I P T I ON 



POWER ON AND 2 
LOAD CIRCUITRY 



MSEC TIMER FOR CRT CONTROLLER SELF 



The circuit coMposed of one™half of U69 ^ Q4 , CR1> R27 and 
R20 iMpleMents a "power on preset" that is independent 
of five volt rail rise tiMe and changes state once and 



only once upon the first rising eaqe of P'l-D (RESET). 
When the i'lKfB volt rail is well below the zener voltage 
of CRl (4.22v), 04 is "off" and U69-10 is pulled low 
by R27 . As the zener voltage is approached and finally 
achieved, a reverse current flows through CRl and 
Q4 is driven to saturation, rewoving the preset condition 
froM U69-10. This preset pulse is reMoved when the five volt 
rai.l is approx iMa tely 4.0 volts given the bias coMponent 
values shown, Note that this circuit is dependent upon 
the theory that although TTL specs are not guaranteed with 
a r^a i 1 b e 1 o w 4 , 7 5 v o 1 1 s ., t li e v a r e > i n a c t u a .1. i t y > f u n c 1 1 o n a 1 
in a "static" sense at voltages well below that. Devices 
tested (74LS74's) exhibited functionality at 3,0 volts and 
below at rooM tewperature, that value rising slightly as the 
tei-jperat ure is dropped. 
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4.1.2 The CRT controller perforMS a "self load" during power on. 
This function takes appr oxiwa tel y one Msec. The SMC guys 
said that the CRT controller requires 256 clocks to U54-12 
for each internal register of the controller. The circuit 
composed of R25^ R26;^ 03^ and C33 provide a delay of 
appro xinately two Msec, to allow this self load to occur 
correctly. When the RC circuit tiwes out after U69~8.>9 
changes state^ the self load address to the CRT controller 
is rewoved (U54~40), the self load data PROM (U62) is 
disabled., the data bus buffer (U56) is enabled ;> and the 
CRT controller starts counting and producing the SYNC 
irf p u t s . 



4.2 
4.2. 1 



CRT CONTROLLER SELF LOAD STROBE GENERATOR 

The self load strobe generating circuitrv allows the 
CRT controller to be strobed (U54--9) by two sources. 
I/O STROBE <P3-2) strobes the CRT controller during 
norwal cursor control. U712--5 and MSCLK (P3-19) 
arB used to generate a single low going pulse to 
U54-9 iMwediately after power on /reset goes high for the 
first tiwe. This strobe begins the power on self load 
sequence described above. The first rising edge of 
U510-4 after power on /reset causes U712-6 to change 
state and shuts down the self load strobe generator 
permanently . 



4.2.2 Note that MSCLK is a repetitive clock and U54 •• 9 is 

stobed continually until powe^r on/reset> at which point 
one More strobe is generated to guarantee that the 
CRT controller self load sequ&nce is begun. 



4.3 CRT CONTROLLER SELF LOAD DATA PROM 

4.3.1 The CRT controller self load data PROM contains the 
data necessary to configure the CRT controller 
for both 60 Hz and 50 Hr. rnodes. Switch four of 
switch bank two (HZ) is left open for 60 Hz and 
closed for 50 Hi. During CRT controller self load> 
the raster line counter outputs (R0-R3) count froM 
zero to fifteen and one half of the PROM is read . 
T h e f i r s t n :i. n e v a 1 u e s r e a d a r e 1 a t c h e d i n t e r n a 1 1 y 
within the CRT controller. The latched data configures 
t h e C R T' c n t r o 1 1 er a n d d e t e r m i n e s the m o d e in w h :i. c h 
it oper-ites. 
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4.3.2 The followinq is a description of the contents of the 
se ]. f 1. a d d a t a P R DM part n u Mb er 1 8 1 6-1 487 . Bee a d a t a 
Bheet on the CRT controlJ.er for further details. 
N T e t h a t t h e F-" R M d a t a .i. s p o s i t i ye true ex c ep t f o r 
bit seven, which is negative true . 



ADDR . 
< HEX ) 




0.1 



02 

03 

04 
5 

06 
7 

OB 
9 
OA 
OB 
OC 

D 
OE 
1" 
10 

1 I 
12 
13 
14 
15 
16 
17 
lO 
1 9 
lA 
1 & 

1 c: 

10 

IE 

1 i" 



MODE 



50 Hz 



60 Hz 



CONTENTS 
(HEX) 



MEANING 



E7 
CB 



F5 
97 

E4 

OB 

97 

80 

80 

FF 

FF 

FF 

FF 

FF 

FF 

FF 

E7 

CB 

F5 

97 

BE 

GB 
97 

80 

8 
FF 
FF 
Fi"' 
Fl" 
FF 
FF 



104 Character Tiwes/Row 

Non-interlaced Mode 

9 Character TiMe HSYNC Pulse 

3 Character Tiwe "Front Porch" 

15 Scan Lines/Row 

80 Displayed Characters/Row 

No skew characters 

24 Rows/FraMe 

456 Scan Lines/Frane 

USYNC Pulse Occurs 8 Scan 

Lines Before 'Jideo Fore trace 

Row 24 is Last Row of Frawe 

Cursor Coluwn Equals 

Cursor Row Equals 

Unused 



Sane as 50 Hz 



38 d S c a n L i n e s / F r a m & 
Sawe as 50 Hz 



i.Jnused 
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4.4 
4.4. 1 

4.4.2 



4.4.3 
4 .4.4 

4 ,5 
4.5. .1 



4 . 6 

4,6.1 



CRT CONTROLLER AND CURSOR ADDRESS AND DATA SELECTORS 

The? CRT controller is an SMC 5027 or a TMS 9927. Look 
elsewhere in this text and in a data sheet for More 

in for Ma t ion . 

The addresses for the CRT controller internal reqisters 
Are controlled bv inputs A()"A3 (pins 39,40,1>2). 
Followinq are the addresses pertinent to the CRT controller- 
perfoPMance in this Module; 



ADDRESS 
A3,A2,A1 ,A0 

nil 

1101 
110 



UNCTION 



CRT controller self load 
cursor row select 
cursor coluwn select 



Note that there are pullup resistors on all inputs of 
the CRT controller. This is due to the required 
Uih (MiniMUM high input yoltaqe) of the contoller. 

Note also that data bit seven is active only during 
CRT controller self load and is forced low forever 
after. U25 -1 >2 ,3;» 1 1 , 12> 1 3 nask iMbedded status bits 
in the cursor row I/O byte. 



DATA BUS BUFFER 



U56 buffers data froM the backplane onto this Module. 
Durinq CRT controller self load> U56 is held disabled 
by SELFLOAD <U411-10). When self load is coMplete> 
U56 is enabled and stays enabled forever after . 

R E F R E S H E NAB L E F L I P -• F I... P 

The refresh enable flip Plop provides a Means by which 

MeMory refresh on the Display MeMory/DMA Module can 
be halted. Ari I/O write to the cursor coluMn with 
the Most significant bit set will turn refresh off 
a n d a w r i t e w i t h b i t s even n o t s e t w i 1 1 turn it on. 



This feature is presently not used by any old software 
r t h e 2 6 4 7 !"' s o f t w are , but has b e e n p r o v i d e d i n c a s e 
extensive display neMory testing becoMes necessary. 
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4.7 VERTICAL RETRACE SYNC CIRCUIT 

4.7.1 The circuit coMposed of U69-FF#1 and II45-1 1 , 12, 1 3 
sync h roniies t u r n i n q t h e d :i. splay o n d u r :i. i) a vet :i. c a 1 
retrace. A b:i. t iMbedded :i.n the cursor row byte 

(bit seven) causes the display to be turned on and off. 
When the display is off > U69-4 is held low and 
display is turned off by U69-6 > U69~5 is hiqh and 
therefore 1^3-^ (I/O BIT 6) is hiqh. P3-M being hiqh 
causes the DMA Machine to stop DMA cycles. 

4.7.2 When a write to cursor row with bit seven not set occurs 
U57-19 qoes hiqh and the following VBLANK (U69- 3) will 
turn the display on and restart the DMA Machine (i.e. 
P3- -V will go low) . 

4.8 CURSOR ROW AND DMA ROW COMPARISON CIRCUITRY 

4.0. 1 Two software Modes described elsewhere;^ SKIPEOL 

and MAYEOP , need inforwation concerning the relative 
positions of DMA and processor action within the 
d i sp lay «eM o r y 1 ink ed 1 i s t . In part i c u 1 a r , 
when the DMA row is the saMe as the cursor row,* the 
display Memory structure can be Misinterpret ted by the 
DMA state Machine. The circuitry coMposed of U57 > 
U710,U610> and 1/2 of U67 inforMS the DMA state Machine 
in the Display MeMory/DMA Module when the DMA row equals 
cursor row. 



4.8.2 The cursor row inforMation is supplied by the processor 
d ur in q 1/0 writes to cursor rowv and is stored in U57 . 
The DMA row inforMation is generated by U710, and eight 
bit counter that is reset bv ZERO (P3~E) at the beginning 
of each frame , and increwents by one at the end of each data 
row. U610 is a four bit coMparator and along with 
U 67-1 ., 2 ,3,4,5,6 all P i v e bits of the row values are 
c M p a r e d , U 6 1 ■••• 6 i s t he f i n a 1 r e s u 1 1 o f t h e com d a r i s o n . 
This value is a one when the rows are equal and a zero 
w h e n u n 1 i l< e , U 6 1 - 6 i s s a m p 1 e d b y P 3 - F ( C l-l A R C !.. K) th r o u g h 
U412-3,2 and sent over the topplane (P3-W) to the 
D i s p 1 a y M e m o r v / D M A m o d u 1 e . 
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4.9 RASTER LINE DECODER 

4.9.1 The rsiBter line decoder <U52) Monitors the raster 
1 i n e outputs of the CR T controller ( R -R 3 ) and 
creates four output signals. These outputs are 
RLO, RLll, RLll OR RL12, AND RL14. RLO is used to 



ADD FROM #TCL 



4.9.2 



create the signal EDROW (end of data row) by being su««ed 
with the characAer decoder output CHAR3 or CHAR4 (LI66-11). 
RLll is used to create an underline under enhanced 
characters. RLll or RL12 is used to create the 
alphanuMeric cursor. RL14 is used to end each fra^e 
and start vertical retrace. RL14 is suMwed with 
DATA ROW 23 <U72-6) at U612"-8 ,9, 1 and creates a signal 
that is high only on the last scan line of foretrace. 

The contents of the raster line decoder PROM are as follows 



HP PART NUMJiER i 1616-1488 
USED ON ASSEMBLY 02640-6 0267 (DISPLAY 
FUNCTION! RASTER LINE DECODER 
OUTPUT DEFINITION', 



TIMING/CONTROL) U52 



TRUE) 



01- 


RASTER 


LINE ZERO (POSITIVE 


02" 


-RASTER 


LINE ELEVEN ( 


03- 


-RASTER 


LINE ELEVEN OR TWELVE ( 


04- 


RASTER 


LINE FOURTEEN ( 


05 


THROUGH 


08 ARE UNUSED 



) 



ROM GENERIC PART NUMBER 
ROM CONTENTS: 



76(:i3A (32X8) 



$A0 00. 

1 ,00 .00,00,00 ,00 ,00, 00,00 >00,, 0,06,04,00,08,00, 

FF , FF > FF , FF , FF , FF , FF , FF , FF , FF , FF , fF , FF ,> FF , FF ,FF , 

SUM=10 03 



4.9.3 Note that the data is displayed with Data I/O's Model 19 
P r M P r c) r anner F o r na t . 
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4.10 CHARACTER DECODER 

4.10.1 The char<v>cter decoder (U66) Monitors the character counter 
outputs of the CRT controller (H0-H6) and creates 

four output signals. These outputs are HORIZONTAL DRIVE, 

CHAR 3 or CHAR 4, UIDEO SHIFT ENABLE, AND T'03 . 

4.10.2 HORIZONTAL DRIVE is synchronized to the character 
boundary by CHARCLK (P3-F) and 0311-13,14,15 to create 
the HDR 5:1. gnal used by the sweep Module. 

4.10.3 CHAR3 or CHAR4 qoes high during characters three and four 
and is used to create the signal EDROW by being suMMed with 
RLO at IJ73-8,9,10. 

4.10.4 VIDEO SHIFT ENABLE is a representation of horzontal 
foretrace and r(^f:race} shifted in tiMe by two character 
periods to account for pipelining in the Display TiMing/ 
Control Module. VIDEO SHIFT ENABLE is high for characters 
"-2" to 78 and low for the duration of the raster line. 
This signal goes over the topplane <P3-X-==SHFTEN) to the 
Display HeMory/DMA Module and allows the creation of the 
VIDEO SHIFT CLOCK ( VSCLK-"— P3~l 9 ) which is used by the 
recirculating line buffers in the Display TiMing/Contr ol 
Module. 



4.10.5 103 is a graphics synchronization signal that goes over 
the topplane (P3 -3) to the graphics Module where it is 
suMwed with the signal D2 froM the Display MeMory/DMA 
Module and used to create the signal 103.D2 for graphics 
opera t ion . 
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4 .10.6 



The cont{?nts of the character decoder are as follows! 



HP PART NUMBER! 1B16-1483 

USED ON ASSEMBLY 02640-60267 (DISPLAY TIMING/CONTROL) 

FUNCTION: CHARACTER COUNT DECODER 

OUTPUT DEFINITION: 

01 " HOR IZONTAL DR IVE 

02-- CHARACTERS 3 OR 4 

03--^;iDE0 SHIFT ENABLE ( 

04 CHARACTER 103 (NEGATIVE 

ROM GENERIC PART NUMBER: 7611 A (256X4) 
ROM CONTENTS; 



U66 



(POSITIVE TRUE) 
( " " ) 
" ) 
TRUE) 



$AO0OO . 

C , C , C , C , C , C , C , D, D , D > D , D , D , D , D , D , 
D > D , D , D , D , D . D , D , D , D , D , D , D , D , D , D , 
D,D;D,D,D,D,D,D,D,D,D,D,D,D,D,D, 
D,D,D>D,D,D,D.>D,D,D,D,D,D,D,9,9, 
a , 8 , 8 , 8 , ; 8 , B , 8 , 8 , 8 , 8 > e > 8 , 8 , 8 . 8 , 
8 , 8 , 8 , 8 , 8 , 8 , 4 . C , C , C , C , C , C , C , C , C , 
C , C , C , C > C , C , C , C , C , C , C , C , C , C , C , C , 

$A0080 . 

F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 

F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 

F,F,F,r,F,F,F,F,F,F,F,F,F,F,F,F, 

F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 

F,F,F,F,F,F,F,F,F,F,,F,F,F,F,F,F, 

F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 

F,,F,FJ"-,F.F,F,F,F,F,F,F,F,F,F,F, 

F,F,F,F,F,F,F,F,F,F,F,F,F,F,F,F, 

GUM::::0D55 



4,11 C U R S OR EX T END ONE ~ S H T 

4.11,1 The cursor extend one-shot (U112) is used to prevent 

t h e " q a 1 1 o p i nq" c u r s o r e F P e c t w hen the c u r s o r :i. s Moved 
continuously horizontally or vertically. Every positioning 
of the cursor is associated with a pulse on P3-2 
(I/O STROBE). This pulse triqqers U112 and causes the 
cursor blink to be Masked "on" for appr oxiwa tely 300 Msec. 
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4.12 SYNCHRONIZATION LATCH 

4.12.1 The synchronization latch (U311) sawples the outputs and 
"derived" outputs of the CRT controller and allow those 
signals to change state only on character boundaries 
(i.e. as a result o f CH ARCLK - -P 3 -F ) . 

4.13 VERTICAL DRIVE SIGNAL GENERATION 

4.13.1 The vertical drive generation circuitry has been 
designed to be compatible with both the 264X sweep 
Module and the 2647F sweep Module (basically a revision 
of the 262X sweep Module). Another iwportant feature 
of this circuit block is that changing between 60 Hx 
drive Mode and 50 Hz drive Mode is accoMplished through 
changing the position of switch "HZ" while the power 

is off. 

4. 13.2 The requireMents of the two sweep Modules differ 

so substantially that two distinct Mode of operation 
are required . U611 (LG51 — dual AND-OR-INVERT) provides 
for these two Modes by allowing separate and 
distinct trigger events for 50 Hz and 60 Hz Modes. 

4.13.3 For 60 Hz operation^ vertical drive (MDR) is brought low 
as a result of P3-J (MBLANK) going high. It is 
returned to the high state ten raster lines before 
video fore trace as a result of the CRT controller 
output VSYNC (U54~-ll). These ten raster lines are 
required for the 2647F sweep Module to allow second order 
effects to "sMooth" out. 

4.13.4 For 50 Hz operation> VDR is brought low 32 raster lines 
into vertical retrace and returned high 10 raster lines 
before video fore trace. 
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4.13.5 U711 <FF*2) saMples the output of U612-8 e^)ery raster 
line and changes state high when the last raster line 
of foretrace is reached. This change of state removes 
the "clear" condition froM U512 and allows this eight bit 
counter to begin counting the raster lines of vertical 
retrace. This counter is decoded to forw three 

pertinent outputs — 32, 20^ and 96. 32 (U512-10) starts 

50 Hz MI)R. 26 <U5T2~57an'dTu5T2- ends 60 Hz MBLANK . 

96 (U5LT^-^o7ANDTu'5T.2~'9^ ends 50 Hz VBLANK . 

4.14 RECIRCULATING LINE BUFFERS 

4.14.1 The eight recirculating line buffers are used to 

store one character row of inforwation for video display 
output while allowing another row to be "created", or 
fetched froM display Memory. These eight parts are 
TMS3120's, 80X4 shift registers. They ar& MOS parts 
and have strange clock requirements — see a data sheet for 
More details. 

4.14.2 U36~U39 is the even row bank of shift registers and U26-U29 
is the odd bank. DRZERO <U51--7) selects the bank for 

vieo display through U210. 

4.14.3 While an odd row is being displayed on the CRT, U36 •■U39 
are being loaded with character information over the 
topplane through the action of SHFTCLK (P3-16) from the 
Display Memory /DMA module. The recirculate pins of the 
shift registers (2, 5, 9, 14) are held low and the registers 
are clocked exactly eighty times. This action loads these 
shift registers with the data for the next character row 

on the CRT. 

4.14.4 During this loading action, the data contained in U26-U29 
is being shifted exactly eighty times per raster line. 
Since the recirculate pins on the shift registers are held 
high during video display the output is fed back to the 
input, and the character cell information within the shift 
registers remains stationary through all fifteen raster lines 
f e a c h c h a r a c t er r w . 
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4.14.5 When the end of a character row is reached > DRZERO changes 
states and the bank of shift registers that were displayed 
i^re now loaded, whereas the bank that was loaded is now 
displayed , 

4.15 ODD/E^.^EN CLOCK SELECTOR 

4.15.1 U210 controls the loadinq/recircula t ing action of the 
recirculating line buffers. U210 is siriply a Multiplexer 
with two clock inputs and two static inputs. These inputs 
are connected in a different order for each input bank. 

As DRZERO changes states, the four inputs are routed to the 
output pins in different order, thereby controlling which 
clock and recirculate level go to which bank of shift 
registers . 

4.15.2 VSCLK (P3-19 video shift clock) is routed to the shift 
register bank that has the recirculate pins held high, and 
SHFTCLK <P3-16 shift clock froM DMA) is iwpressed upon 
the bank with the recirculate pins low. 

4.16 LINE BUFFER OUTPUT SELECTORS 

4.16.1 The line buffer output selectors are Multiplexing latches. 
Depending on the state of U210~-7 (EVEN RECIRC), the 
output of one bank of shift registers will be selected 
and latched every clock cycle of P3-H. 

4.17 Sl< X e CHARACTER ROM 

4.17.1 The Bl< X 8 character ROM resident in this Module <1818-1597) 
contains four complete character sets plus two display 
display test patterns. 

4.17.2 The address lines to the ROM consist of four raster line 

counter bits, six ASCII bits, one upper /lower case bit, 
a !i (I t w {) c h a r a c i,- e r s e t s elect b i t b . The ra s t e r 1 i n e a n d 
character set select bits are positive true, The ASCII 
b ;i. t s are n e Qat i v e true. 

4.17.3 The chip enable is low true and is enabled only during the 
einhty foretrace character tines. The outputs of the ROM 
are pulled high so that during the disabled retrace period, 
the "video output" of the character ROM is held "off". 



D i vi D 1 a V T i h i n n / C o n "f r d I fi o d u 1 e 



13255-91 267/31 
Rev FEB -01 -02 



4.17.4 f |-i e P I. .1 w i n ci i s <:i m e m o r v ci a n o f the s t a n d a r d c h a r a c t e r 
ROM (10ie--lS97); 



Alt . Char . Set *3 
(Larqe Char . ) 



Display Test #2 
(Cross Hatch) 



Alt . Char . Set *2 
(Line Drwq) 



Blank Fill 
(i.e. ASCII 20 H) 



Alt Char. Get *1 
(Math Char . ) 



Display Test #1 
( @ ' <•; a n d f :l el's) 



1.1 13 per ("as e £ n q il. i s h 
("space" to "_.") 



I... w e r C a s e E n q 1 i s h 
("null" to "del") 



IFFf 



ICOO 

IBFF 



180 
1 7FF 



140 
13FF 



10 
OFFF 



OCOO 
OBFF 



080 
7FF 



0400 
03FF 
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4. IS CHARACTER SET SELECT LOGIC 

4.18.1 The character set select loqic consists of sowe switches, 
two fast bipolar PROfi''s> and one nand qate (Ull). 

These switches provide the "hardwired" character ROM 
with psuedo-soft capabilities. 

4.18.2 Switches CI to C3 Map the character set select bits 
<U48"13,12) into any of the alternate character sets 
resident in the ROM. 

4.18.3 Switches CI > C2 > and C3 determine character set selection 
according to the following chart: 

Switch position Logical Character Set Actually 

Set Selected 

CI C2 C3 



<C='closed, 0~open) 

C C C 

C 

or 





Math 

L 1 n e Or a w i n g 

Large Character 



C C 



C C 



c: 



Math 

Large Character 

Line Drawing 

Line Drawing 

Math 

Large Character 

Line Drawing 
Large Character 
Math 



C C 



C 



Large Character 

Math 

Line Drawing 

L a r g e C h a r a c t e r 
Line Drawing 
Math 
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4.18,4 Switches Al to A3 deternine whether the alternate 
character sets are treated as dot shift or dot 
repeat characters. An open switch indicates that the 
character ROM data will be treated as dot-shift data and 
conversely, a closed switch will cause the ROM data to 
be displayed under dot-repeat forwat. 

4. IB. 5 Note that the «ode selection output (U21-10) corresponds to 
the actual set selected and not necessarily to the logical 
A, B> or C inputs to the PROM. This neans that these three 
switches correspond to defining the display Mode of the 
alternate character sets within specific address ranges 
of the character ROM. The Following truth table explains 
switches Al > A2, and A3: 



Character ROM 
Address Ranae 



Switch Position 
Al A2 A3 



Dot -shift <DS)^ or 
Dot-repeat (DR) Mode 



00 to 07FF 
OCOO to OFFF 



DS 

DR 
DS 



140 to 17FF 



DR 
DS 



ICOO to IFFF 



DR 
DS 



4.10.6 



Swi tch 
with 1 
the 64 
ROM CO 
set *2 
Pill i 
T h i s w 
to 64 
a voide 
c h a r a c 
the di 



s Ul to U3 enable the character ROM to be prograMweri 
8 character alternate character sets as well as 
character alternate character sets the standard 
tains. Note that evnanclinn alternate character 
to 128 characters will destroy the ASCII blank 

t h e character R M a d rl r e s s r' a ri q e of 10 t o 1 3 1- F . 
11 disruDt the proper display of lowercase input 
haracter alternate character sets and should be 

if possible. Also note that expanding alternate 
er sets #1 and #3 to 120 character sets will delete 
play test patterns resident in the ROM. 
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4,10.7 The switches Ul ^ U2, and U3 correspond to the logical 

A, B, or C laternate chAracter set selection and NOT to 
any specific address range within the character ROM. 
A closed "U" switch will cause display of a 128 character 
alternate chr^racter set., and an open switch will restrict 
alternate character set display to 64 characters. 

4 . 1 ("J , B These "U" switches perforw according to the following truth 
table; 

PROM INPUTS PROM OUTPUTS 

U22- 
CSO CSl AB5 AB6 Ul U2 U3 DT ~9 -10 -11 -12 

AO " aI A2 A3 A4 AS' ^6 " "A7 " "" 04"" 03 02 6i"" 



• 




■• 




- 






" ■" — 


— -..-. — .... 


• — 


— ~ "" 


'"" 


{) 











X 


X 


X 























1 





X 


X 


X 





1 




















1 


X 


X 


X 





1 

















1 


1 


X 


X 


X 

















I 





a 








X 


X 

















1 





(j 





1 


X 


X 





1 











1 





1 





X 


X 


X 





1 











i 








1 


X 


X 


X 





1 











l 





1 


1 





X 


X 

















1 





1 


1 


1 


X 


X 








1 





1 





1 








X 





X 




















1 








X 


1 


X 





1 
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1 





X 


X 


X 





1 














1 





1 


X 


X 


X 





1 














1 


1 


1 


X 





X 




















1 


1 


1 


X 





X 








1 





1 


-.1 


1 








X 


X 




















1 


i 


Ci 





X 


X 


1 





1 











i 


1 


It 





X 


X 


X 





1 











:( 


1 
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X 


X 


X 





1 











.1 


1 


1 
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X 


X 
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1 


X 
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1 








1 
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X 
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X 
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X 
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1 
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4.18.9 The •(•'() 11 owinq are descri t :i. ons of the contents o-F the two 
character set select PROM's (U21 and U22) : 



\"\P PART NUMBER! 1816 •1490 

USED ON ASSEMBLY 02640-6 0267 (DISPLAY TIMING/CONTROL) U21 

FUNCTION; ALTERNATE CHARACTER SET SELECT PROM 

OUTPUT DEFINITION: 

01 CHARACTER SET BITO (POSITIVE TRUE) 

02 CHARACTER SET BITl ( " " ) 

03— •DOT SHIFT CHARACTER SET ( " " ) 

04 DOT REPEAT CHARACTER SET (UNUSED) ( " " ) 

ROM GENERIC PART NUMBER: 761 lA (256X4) 

ROM CONTENTS: 

'*A0 0OO . 

7 , A , 9 , 8 V 7 , 8 > A , 9 , 7 , 9 , A V 8 > 7 , A » 9 , 8 , 

7 , A , 8 , 9 /7 , 8 , 9 , A , 7 , 9 , 8 , A , 7 , A > 9 , 8 , 

■7,6,9,8,7,8,6,9,7,9,6,8,7,6,9,8, 

7 , 6 , 8 , 9 , 7 . 8 > 9 , 6 , 7 , 9 , 8 > 6 , 7 , 6 , 9 , 8 , 

7 , A , 5 , 8 , 7 , 8 , A , 5 , 7 , 5 , A , 8 , 7 , A , 5 , 8 , 

7 , A , 8 , 5 , 7 , 8 , 5 , A , 7 , 5 , 8 , A , 7 , A , 5 , 8 , 

7,6,5,8,7,8,6,5,7,5,6,8,7,6,5,8, 

7,6,8,5,7,8,5,6,7,5,8,6,7,6,5,8, 

$A0 80 . 

7, A, 9, 4, 7, 4, A, 9, 7, 9, A, 4, 7, A, 9, 4, 

7, A, 4, 9, 7, 4, 9, A, 7, 9, 4, A, 7, A, 9, 4, 

7, 6, 9, 4, 7, 4, 6, 9, 7 > 9, 6, 4 > 7, 6, 9, 4, 

7,6,4,9,7,4,9,6,7,9,4,6,7,6,9,4, 

7. A, 5, 4, 7, 4, A. 5 > 7, 5, A. 4, 7, A, 5, 4, 

7, A, 4, 5, 7, 4, 5, A, 7, 5, 4, A, 7, A, 5, 4, 

7,6,5,4,7,4,6,5,7,5,6,4,7,6,5,4, 

7,6,4,5,7,4,5,6,7,5,4,6,7,6,5,4, 



SUM=:=:070 
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HP PART NUMBER: 1816-1489 

USED ON ASSEMBLY 02640-60267 (DISPLAY TIMING/CGNTROL) U22 
FUNCTION: DISPLAY TEST CHARACTER RANGE SELECT PROM 
OUTPUT DEFINITION: 

01 --CHARACTER SET BITO 

2 - C H A R A C T E R S E 7" B X T 1 

03-DI9PLAY TEST "ON" 

04" -UPPER CASE (LOWER CASE BAR) ( " " ) 



(POSITIMIH 

( 

( 

( 



TRUE) 
" ) 
" ) 



ROM GENERIC PART NUMBER: 761 lA (256X4) 
ROM CONTENTS: 

$A0000 . 

, , , , 8 , 8 , 8 , 8 , (3 , 8 , 8 , 8 , , , , , 
, 8 , , , S , 8 , 8 , e, 8 , 8 > 8 , 8 , , 5 , , , 
> 0,8, 0,8,8,8,8,8,8,8,8,0,0,5,0, 
> 8 , 8 > , 8 , 8 , 8 > 8 , B , 8 , 8 , B , , 5 , 5 , , 
, , , B , 8 , 8 , 8 , 8 , 8 , 8 , 8 , 8 , , > , 5 , 
, 8 , , 8, 8, 8, B , 8, B , 8 , 8, B , , 5 , , 5 , 
,0,8,B.8,B,8,B>8,8.8,8,0,0,5,5, 
0,8,8,8,8,8,8,8,8,8,8,8,0,5,5,5, 

ir>A0080 . 

6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6, 

6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6, 

6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6, 

6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6, 

4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 

4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 

4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 

4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 

SUM==:=051C 

4.19 ENHANCEMENT "PIPELINE AND ALIGNMENT" LATCHES 

4.19.1 The enhanceMent pipeline latch (U412) stores the enhanceMent 
bits for one character tiwe. This storage period ensures 
that the enhancements are aliqned with the proper character 
cell. 



4.19.2 T h e e n h a n c e m e n t a 1 i q n went ;i. a t c h ( U 3 1 2 ) c! e 1 a v s t h e c h a n q i n q o f 
e n h a it c e m e n t s by a p p rox i i^ a t e 1 y 100 n s e c . T |-i :i. s t i m e 
allows parallel to serial conversion of the video bit streaw 
s u M M a t i n w i t h q r^ a p h i c s , a n d d o t s t r^ e t c h i n q t o o c c i.i r a n d 
<; I; i 1 1 l'i a v e t h e c h a r a c: t e r c e n t e r- e d iJ i c h i n t h e e n h a n c: e m e n f 
boundar ies , 
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4.20 CHARACTER ROh OUTPUT LATCH 

4.20.1 The character ROM outDut latch (U34) sa«pl(r>s the output 

of the character ROM BK>&r\! character tiMe and en<5ures that 
the data to the para 1 lei /serial converter is valid at 
the pertine^nt tiwes. 

4.20.2 Note that the character ROM outputs are pulled high so 
that when the ROM is disabled., only "hiqh" values (blank 
on the CRT) are latched into U34 . 

4.21 PARALLEL TO SERIAL CONVERTER AND DOT CLOCK LOGIC 

4.21.1 The circuit block consisting of U44, U24, U31 <FF*2), and 
parts of U25, U35 , and U67 accomplish the conversion of 
character ROM data to a valid serial bit strean. 

4.21.2 Under the control of the dot clock logic^v U44 loads the 
outputs of U34 in a parallel fashion^ and shifts out 

a serial video bit stream. The wanner in which this feat 
is acconplished varies depending on two factors; is the 
character inforwation a dot shift or a dot repeat character? 
and if a dot shift character , does this particular bit 
streaw need to be dot shifted? 

4.21.3 With dot repeat characters, U31~6 will go high and allow 
the first dot clock to U44~7 to be inhibited through the 
action of U 25- •4, 5, 6. This action doubles the width of 

the f i r s t d o t o f t h e c h a r a c t e r and a 1 1 o w s n i n e b i t s o f d a t a 
to be extracted froM an eight bit ROM. This dot repeat 
character Mode is used for line drawing and large character 
sets . 

4.21.4 Dot shift characters are indicated by U31-5 going high. 
U34-19 then determines whether normal mode, or dot shift 
Mode will be invoked. A low value at U34-19 indicates that 
dot shift should be performed. When a high value is present 
U31-8 remains high during the entire character time, and 
dots are shifted out with standard display clock tiding, 

A low value at U34-19 causes U31-B to switch states and the 
c 1 c k 1 U 4 4 i s i n v e r^ t e d "on t h e run". This d e 1 a y s the 
dot stream output of U44 by one half clock time and 
creates an effective dot shift. 
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4.22 DISPLAY TEST GENERATOR 

4.22.1 U31 (FF#1) allows the generation of display test patterns 
throuqh the switches labeled "DT" and "U3". The norwal. 

operating state of "DT" is closed > and when opened, causes 
display test patterns to be displayed on the CRT according 
to the position of "U3". If "U3" is open, a full screen 
Crosshatch pattern will be displayed. If "U3" is closed, 
the screen will display both ©'s and del's. 

4.22.2 Note that the &/del pattern is dependent upon the current 
display and varies with odd/even ASCII input, That is, 
even ASCII characters are replaced by &'s and odd ASCII 
characters are replaced by del's. Etecause of this 
constraint, the best display test pattern is achieved 
with a self test pattern resident on the CRT, where 

odd and even ASCII alternates au t OMat ical ly . 

4.22.3 Note also that these display test patterns do not destroy 
the original CRT display which is totally recoverable 

by closing "DT". The display Must be "on" (i.e. 69-6 
Must be high) in order for display test to be seen. 

4.23 DDT STRETCHER 

4.23.1 The purpose of the dot stretching transistor circuit 
(Ql, C2, R7, and R5) is to introduce a variable delay 
into the alpha and graphics video bit streaM. This 
i s a 1 p s i d e d d e 1 a y , c a u s i n g only the "low" t i m e at U 2 1 2 - 4 
to be lengthened according to the RC tiwe constant. 
The pot in this circuit should set so that single dot wide 
vertical lines appear as wide and as bright as single 
raster horizontal lines. 
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4 . 24 
4.24. 1 



!"■ .T N A L Kf I D E S U M M :i: N G C J! R C: (J 1 T R Y 



4.24.2 



The d:i. 
c: i r c; i.i i 
i n p 1.1 1 
r li e i n 
rate ( 
p u Ise 
the en 
<U612- 
I q :i. c a 
techn :i. 



screte 
t r y t a 
a rj d c r 
p u t s t 
U72~8) 
(U112- 
hanceM 
3 ) , a n 
1 1 y c 
oues 



-1.0 

kes 
ea t 
t 
> c 
4)> 
en t 
d 
Mb i 
f f 



q 1 c u 

a 1 1 
es a 
h i s c 
u r s r 
a 1 p h 
enab 
ne or 
ned t 
he or 



e d i n t h e f- :i. n a 1 y .1 d e o s u m m :i. n g 

ertinent video infor-Mation as 

i n q 1 e M I D E D ( P 4 - 1 ) o u t p u t . 

rcuit include the character blink 

blink rate (U71-14)^ cursor extend 

a\)d qraphicB video <U212-16)v 
e s i q n a 1 s ( U 3 1 2 •• • 2,5,10, 1 2 ) , b 1 a n k i n q 
two others. These signals sire 

eMulate the video construction 
qinal 264X display Module. 



A switch has been provided ("TV") that, when closed, causes 
a full screen inverse video pattern to be displayed on the 
CRT. 



4.24,3 The discrete delay introduced by Q2, C3, R9 and RIO allows 

the half briqht and inverse video fields to be aligned propBrly 
properly. As of Rev. A hoards, the aliqnfient has been correct 
for all possible pot positions and only slightly noticeable 
effects occur when the pot is changed f row win to wax . 
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Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


c 

D 


Qty 


Description 


Mfr 
Code 


Mfr Part Number 




02640-60267 


1 


1 


DISf'LAf/ TIMING/CONTROL PCA 
DATi;:; code: B-2219-42 


28480 


02.640-60267 


Cl 


160-4554 


7 


26 


CAPACITOR-FXD .OllIF +-207. 50yDC CE:R 


28480 


0160-4554 


C2 


0160-4801 


7 


2 


CAPACITOR F-"XD IDOPF +~57. lOOUOC CfIR 


28480 


0160-4801 


C3 


0160-4801 


7 




CAPACirOR-FXD lOOPF +-5X lOOVDC CER 


28480 


0160-4801 


C4 


0160-4554 


7 




CAPACirOR-FXD .OltJF +- 2.(17. 50UDC CER 


28480 


0160-4554 


C5 


0180-2879 


7 


5 


CAPACirOR-FXD 2;.MIF+50-l 0% 25VDC Al... 


28480 


0180-2879 


C6 


0160-4554 


7 




CAPACTIOR FXD .OIUF +-207. 50VDC CER 


28480 


0160-4554 


C7 


0160-4554 


7 




CAPACITOR-FXI) ,01UF +■■ 20% 50MDC CER 


2B480 


0160-4554 


C8 


0160-4554 


7 




CAPACITOR-FXD .OlIJF +-207. 5nVDC CFR 


28480 


0160-4554 


C9 


0160-4554 


7 




CAPACITOR-FXD , 1 UF +-207 50VDC CER 


28480 


0160-4554 


CIO 


0160-4554 


7 




CAPACITOR-FXD ,01UF +-207 50MDC CER 


28480 


0160-4554 


CU 


0160-4554 


7 




C A P A C I r R - F X D ,0 1 U F + - 2 7. 5 V D C C E R 


28480 


0160-4554 


C12 


0160-4554 


7 




CAPACITOR-FXD .lUI.JF +-207. SOVDC CER 


28480 


160-4554 


C13 


0160-4554 


7 




CAPACITOR-FXD , 1 UF + 207 50VDC CER 


28480 


0160-4554 


C14 


0160-4554 


7 




CAPACITOR-FXD .fHI.JF +-20Z 50yDC CER 


28480 


0160-4554 


CIS 


0160-4554 


7 




CAPACITOR-FXD , 1 UF +-207. 50yDC CER 


28480 


0160-4554 


C16 


0160-4554 


7 




CAPACITOR-FXD .OiUF +-207. 50VDC CER 


28480 


0160-4554 


C17 


01 60- 4554 


7 




CAPACITOR-FXD ,C1UF +-207, 50VDC CER 


28480 


0160-4554 


C18 


0160-4554 


7 




CAPACITOR-FXD .OllJF +-207. 50UDC CER 


28480 


160-4554 


C19 


0160-4554 


7 




CAPACITOR-FXD ,C1UF +-207. SOVDC CER 


28480 


0160-4554 


C2li 


0160-4554 


7 




CAPACITOR-FXD .fHUF +-207. 50VDC CER 


2848 


0160-4554 


c;;.'i 


0160-4554 


7 




CAPACITOR-FXD .OIUF +-207. 50VDC CER 


28480 


0160-4554 


C22 


0160-4554 


7 




CAPACITOR-FXD ,01UF +-207 50VDC CER 


2848 


0160-4554 


C23 


0160-4554 


7 




CAPACITOR-FXD , 01 UF +-2 07 50VDC CER 


28480 


0160-4554 


C24 


0160-4554 


7 




CAPACITOR-FXD .OlI.lF +-207. SOUDC CER 


2848 


0160-4554 


c;;.>5 


0180-2879 


7 




CAPACITOR-FXD 2;.-'UF+50-l 07 25iv»DC AL 


2848 


0180-2879 


C26 


0180-2879 


7 




CAPACITOR-FXD 22UF + 50-1 07. 25yDC AL 


2848 


0180-2879 


ca? 


0160-4554 


7 




C A P A C. I r R - F X D , 1 U F + - 2 7 5 V D C C E R 


28480 


0160-4554 


C28 


0180-2879 


7 




CAPACITOR-FXD 2PIJF + 50-1 07. 25VDC AL 


2848 


1 80-2879 


C29 


0180-2879 


7 




CAPACITOR-FXD 2PUF+50-107. 25UDC AL 


28480 


0180-2879 


C30 


0160-4554 


7 




CAPACITOR-FXD .OILIF -^ 207. 50UDC CER 


28480 


160-4554 


C31 


0160-4554 


7 




CAPACITOR-FXD .OIUF +-207 SOVDC CER 


28480 


0160-4554 


C32 


0160-4554 


7 




CAPACITOR-FXD .fJlUF +-207 50VDC CER 


2848 


0160-4554 


C33 


0160-4844 


8 




CAPACITOR-FXD II.IF +80-207 50yDC CER 


28480 


0160-4844 


C34 


0160-4554 


7 




CAPACITOR-FXD ,01I)F +-207. 50VDC CER 


28480 


0160-4554 


CRl 


19 02-3070 


5 




DIODr-:'NR 4,22U 57. DO-35 PD==.4U 


28480 


1902-30 70 


P4 


1251-3766 


5 




CONNEC'OR 6-PIN M POST TYPE 


2848 


1251-3766 


a). 


1854-0019 


3 


2 


TRANSISTOR NPN BI TO-IB PD=360MU 


28480 


1854-0019 


Q2 


1854-0019 


3 




TRANBirSTOR NPN SI TO-18 PD=:360MU 


28480 


1854-0 19 


«3 


1854-0477 


7 




TRANSISTOR NPN 2N2222A SI TO-18 PD=500MW 


04713 


2N2222A 


84 


1853-0459 


3 




TRANSISTOR PNP SI PD=--625MU FT = 200MHZ 


28480 


1853-0 459 


Rl 


lB10-0?.79 


5 


5 


NETWORK-RES 10~SIP4,7K OHM X 9 


01121 


210A472 


R2 


1810-0279 


5 




NETUORK-RES 10-SIP4,7K OHM X 9 


0112 1 


21 0A472 


R3 


683-4725 


2 


10 


RESISTOR 4,7K 57, . 25W FC TC = -400/ + 700 


01121 


CI-14725 


R4 


1810-0279 


5 




NETWORK-RES 10-BIP4,7K OHM X 9 


01121 


210A472 


R5 


21 0-3351 


6 


3 


RESISTOR-TRMR 50 10% C SIDE-APJ 1 -TRN 


28480 


210 0-3351 


R6 


0683-1015 


7 


3 


RESISTOR 100 57 , 25U FC TC=-40 0/+50 


1 1 2 1 


CB1015 


RV 


06B3-4705 


8 


2 


RESISTOR 47 57. .25W FC TC:-=-40 0/+50n 


01121 


CB4705 


R8 


0683-4725 


2 




RESISTOR 4,7K 57. , 25W FC TC=-400/+70 


01121 


CB4725 


R9 


210 0-3351 


6 




RESIBTOR-TRMR 500 107, C SIDE-ADJ 1-TRN 


28480 


210 0-3351 


RIO 


0683-4705 


8 




RESISTOR 47 57. . 25U EC TC=-40 0/+50 


0112 1 


CB4705 


Rll 


0683-10 15 


7 




RESISTOR 100 57 , 25W FC TC = -400/+500 


01121 


CB1015 


R12 


0683-1035 


1 


1 


RESISTOR lOK 57 , 25W FC TC=-400/+700 


01 121 


CB10 35 


RI3 


1810-0322 


9 


4 


NETWDRK-RES 8~SIP20,0 OHM X 4 


01121 


408B200J 


R14 


0683-4725 


2 




RESISTOR 4.7K 57 , 25W FC TC=-40 0/+700 


01121 


CB4725 


R15 


0683-4725 


2 




RESISTOR 4.7K 57, , 25W FC TC = -400/+700 


01121 


CB4725 


R16 


1810-0322 


9 




NETWORK-RES 8-SIP20 . OHM X 4 


01121 


40 8B20 0,T 


Rt7 


lBlO-0322 


9 




NETWORK-RES 8-SIP20,0 OHM X 4 


01121 


408B200J 


R18 


1810-0322 


9 




NETWORK-RES 8-SIP20 , OHM X 4 


01121 


408B20 0J 


R19 


1810-0279 


5 




NETWORK -RES 10-SIP4.7K OHM X 9 


01121 


210A472 


R20 


1810-0279 


5 




NETWORK -RES 10-SIP4.7K OHM X 9 


01121 


210A472 


RHl 


0683-4725 


2 




RESISTOR 4,7K 57 . 25W FC TC = -40Q/+700 


01121 


CB4725 


R22 


0683-4725 


2 




RESISTOR 4,7K 57 , 25W FC TC=-400/+700 


01121 


CB4725 


RS3 


0683-4725 


o 




RESISTOR 4.7K 57 .25U FC TC=-40 0/+70 


01121 


CB4725 


R24 


0683-4725 


2 




RESISTOR 4.7K 57 . 25W FC TC=-4 0/+70 


01121 


CB4725 


R25 


0683-4725 


2 




RESISTOR 4.7K 57 . 25W FC TC = -400/+700 


01121 


CB4725 


R26 


0683-1015 


7 




RESISTOR 100 57 , 25W FC TC=-400/+500 


01 121 


CB1015 


r;?.7 


0683-4715 





2 


RESISTOR 470 57 . 25U FC TC==-40 0/+60 


01121 


CB4715 


R28 


0683-4715 


n 




RESISTOR 470 57 . 25W FC TC=-40 0/+600 


01121 


CB4715 


R29 


0683-4725 


2 




RESISTOR 4,7K 5% . 25W FC TC=-40 0/+70 


01121 


CB4725 


SUl 


3101-1983 


9 


1 


SWITCH-RKR DIP-RKR-ASSY 8-lA , 05A 30yDC 


28480 


3101-1983 


SW2 


31 01-2063 


8 


1 


SUITCH-RKR DIP-RKR-ASSY 4-lA , 05A 30VDC 


28480 


3101-2063 



Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


c 

D 


Qty 


Description 


Mfr 
Code 


Mfr Part Number 


TPl 


0360-0535 





p 


TERMINAL TEST POINT PCB 


ooooo 


ORDER BY DESCRIPTION 


TP2 


0360-0535 







TERMINAL TEST POINT PCB 


00000 


ORDER BY DESCRIPTION 


LIU 


1820-1451 


8 


1 


IC GATE TTL S NAND QUAD 2~INP 


01295 


SN74S38N 


U21 


1816-1490 


6 


1 


IC-ROM 256 X 4 HM761 1 


34371 


HH3~7611A-5 PROGRAMMED 


LI a 2 


1816-1489 


3 


1 


IC-ROM 256 X 4 HM761 1 


34371 


HM3-7611A~5 PROGRAMMED 


U24 


1820-0693 


8 


2 


IC FF TTL S D~TYPE POS-EDGE-TRIG 


01295 


SN74S74N 


u;;.>5 


1820-1201 


6 


2 


IC GATE TTL LS ANR QUAP 2-INP 


01295 


SN74LS08N 


IJ26 


1820-1346 





8 


IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 


1 295 


TMS3120NC 


L);;.>.7 


1820-1346 







IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 


1 295 


TMS3120NC 


tJ28 


1820-1346 







IC SHF-RGTR PMOS BERIAL-IN SERIAL-OUT 


01295 


TMS3120NC 


Li;;.'9 


1820-1346 







IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 


01295 


TMS3120NC 


U31 


1820-0693 


8 




IC FF TTL S D-TYPE POS-EI)GE-TRIG 


01295 


SN74S74N 


LI 3 2 


1818-1597 


8 


1 


IC-ROM 64K MK36000 


50 088 


MK360 0N-5 MASKED 


U34 


1820-1730 


6 


3 


IC FF TTL LS D-TYPE PDS-EDGE-TRIG COM 


01295 


SN74LS273N 


U35 


1820-0681 


4 


1 


IC GATE TTL S NAND QUAD 2-INP 


01295 


SN74S00N 


U36 


1820-1346 







IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 


1 295 


TMS3120NC 


U37 


1820-1346 







IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 


01295 


TMS3120NC 


U38 


1820-1346 







IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 


01295 


TMS312 0NC 


IJ39 


1820-1346 







IC SHF-RGTR PMOS SERIAL-IN SERIAL-OUT 


01295 


TMS3120NC 


U41 


1820-1199 


1 


1 


IC im TTL LS HEX 1-INP 


1 295 


SN74LS0 4N 


U44 


1820-1922 


8 


1 


IC SHF-RGTR TTL LS PRL-IN SERIAL-OUT 


1 295 


SN74LS166N 


U45 


1820-1449 


4 


1 


IC GATE TTL S OR QUAD 2~INP 


01295 


SN74S32N 


U46 


1820-1444 


9 


4 


IC MUXR/DATA-SEL TTL LS 2-T0~l-LINE QUAD 


1 295 


SN74LS298N 


IJ47 


1820-1444 


9 




IC MUXR/DATA-SEL TTL LS 2-TO-l-HNE QUAD 


1 295 


SN74LS298N 


LI48 


1820-1444 


9 




IC MUXR/DATA-SEL TTL LS 2-TO-l-LINE QUAD 


01295 


SN74LS298N 


U49 


1820-1444 


9 




IC MUXR/DATA SEL TTL LS 2-TO-l-LINE QUAD 


1 295 


SN74LS298N 


LISl 


1820-20 24 


3 


1 


IC DRUR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


LI52 


1816-1488 


2 


1 


IC-ROM 32 X 8 HM7603 


01295 


SN74S288N PROGRAMMED 


LI 5 4 


1820-2912 


8 


1 


IC-9927JL 


28480 


1820-2912 


U56 


1820-1917 


1 


r> 


IC BFR TTL LS LINE DRVR OCTL 


1 295 


SN74LS240N 


US 7 


1820-1730 


6 




IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS273N 


U59 


1820-1203 


8 


1 


IC GATE TTL LS AND TPL 3-INP 


1 295 


SN74LS11N 


U(.A 


1820-1432 


5 


2 


IC CNTR TTL LS BIN SYNCHRO POS-EDGE TRIG 


1 295 


SN74I..S163AN 


U62 


1816-1487 


1 


1 


IC-ROM 32 X 8 Hh7603 


01295 


SN74S288N PROGRAMMED 


LI66 


1816-1483 


7 


1 


IC-ROM 256 X 4 HM761 1 


34371 


HM3-7611A~5 PROGRAMMED 


Ufe7 


1820-0694 


9 


1 


IC GATE TTL B EXCL-OR QUAD 2~INP 


01295 


SN74S86N 


L)<':)9 


1820-1112 


8 


3 


IC FF TTL LS D-TYPE POS-EDGE-TRIG 


01295 


SN74LS74AN 


U71 


1820-1432 


5 




IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 


01295 


SN74LS163AN 


072 


1820-1205 





1 


IC GATE TTL LS AND DUAL 4-INP 


01295 


SN74LS21N 


1.173 


1820-1197 


9 


2 


IC GATE TTL LS NAND QUAD 2-INP 


01295 


SN74LS0 0N 


Lni2 


1B20-1437 





1 


IC My TTL LS MONOSTBL DUAL 


01295 


SN74LS221N 


U210 


1820-1301 


7 


1 


IC MUXR/DATA-SEL TTL S 2-TO-l-LINE QUAD 


1 295 


SN74S257N 


Li;;.'i2 


1820-1917 


1 




IC BFR TTL LS LINE DRVR OCTL 


01295 


SN74LS240N 


U310 


1820-0691 


6 


1 


IC GATE TTL S AND-OR~INV 


1 295 


SN74S64N 


LI311 


1820-1195 


7 


1 


IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS175N 


1)312 


1820-1076 


3 


1 


IC FF TTL S D-TYPE POS-EDGE-TRIG CLEAR 


01295 


SN74S174N 


L)410 


1820-1201 


6 




IC GATE TTL LS AND QUAD 2-INP 


01295 


SN74LS08N 


U411 


1820-1416 


5 


1 


IC SCHMITT-TRTG TTL LS INy HEX 1-INP 


1 295 


SN74LS14N 


LI412 


1820-1730 


6 




IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


1 295 


SN74LS273N 


US 10 


1820-1144 


6 


1 


IC GATE TTL LS NOR QUAD 2-INP 


1 295 


SN74LS02N 


uaii 


1820-1197 


9 




IC GATE TTL LS NAND QUAD 2-INP 


1295 


SN74LS00N 


U512 


1820-1989 


7 


2 


IC CNTR TTL LS BIN DUAL 4~BIT 


07263 


74LS393PC 


Li610 


1820-1419 


8 


1 


IC COMPTR TTL LS MAGTD 4-BIT 


01295 


SN74LS85N 


Ufell 


1820-1210 


7 


1 


IC GATE TTL LS AND-OR-TNV DUAL 2-INP 


01295 


SN74LS51N 


Llfol2 


1820-1367 


5 


1 


IC GATE TTL S AND QUAD 2-INP 


01295 


SN74S08N 


U710 


1820-1989 


7 




IC CNTR TTL LS BIN DUAL 4-BIT 


07263 


74LS393PC 


U711 


1820-1112 


a 




IC FF TTL LS D-TYPE POS-EDGE-TRIG 


01295 


SN74LS74AN 


U7 12 


1820-1112 


8 




IC FF TTL LS D-TYPE POS-EDGE-TRIG 


01295 


SN74LS74AN 


XL) 32 


1200-0830 


1 


1 


80CKET-IC 24~C0NT DIP DIP-SLDR 


28480 


1200-0830 


XL)54 


120 0-0552 


4 


1 


SOCKET-IC 40~CONT DIP-SLDR 

MISCELLANEOUS PART 


28480 


120 0-0552 




8150-2333 


3 




WIRE-30 UHITE TFE 


28480 


8150-2333 



MANUFACTURERS 



CODE LIST 



MFR 

NO . MANUFACTURER NAME 

80545 NIPPON ELECTRIC CO 

00000 ANY SATISFACTORY SUPPLIER 

01121 ALLEN-BRADLEY CO 

01295 TEXAS IN8TR INC 8EHIC0ND CMPNT DIV 

04713 MOTOROLA SEMICONDUCTOR PRODUCTS 

07263 FAIRCHILD SEMICONDUCTOR VIV 

16299 CORNING GLASS UKS COMPONENT DIV 

28480 HEULETT-PACKARD CO CORPORATE HQ 

34335 ADVANCED MICRO DEVICES INC 

34371 HARRIS SEMICON DIV HARRIS-INTERTYPE 

50088 MOSTEK CORP 



AS OF 06/21/82 


ADDRESS 




TOKYO 




MILWAUKEE 


UI 


DALLAS 


TX 


PHOENIX 


AZ 


MOUNTAIN VIEW 


CA 


RALEIGH 


NC 


PALO ALTO 


CA 


SUNNYVALE 


CA 


MELBOURNE 


FL 


CARROLLTON 


TX 



JP 



ZIP 
CODE 



53204 
75222 
8S008 
94042 
27604 
94304 
94086 
32901 
75006 



